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Abstract 
Any contact of blackfly larvae and pupae to the substrate they colonise relies on the adhesion 
of the secretion which is produced in their large labial glands. This secretion anchors their fil- 
ter-feeding position, any locomotive activity, and the pupal cocoon as well. The secretion 
works as a biological adhesive which adheres to nearly any substrate surface - even to wood 
or the integument of other aquatic animals. We began analysing the proteinaceaous com- 
pounds of the labial gland secretions of Simulium ornatum (complex) MHGEN. According to 
the SDS-PAGE and amino acid analyses, blackfly gland secretion consists of a variety of 
proteins ranging from high to low molecular weights. The most prominent proteins form 
broad bands at about 70, 40 and 20 kDa. These main proteins were present in secretions from 
young to old larvae as well as in pupal cocoon secretion, but their relative amounts change 
with larval development. Results of N-terminal sequencing ofprominent proteins revealed 
no obvious homologies to protein sequences deposited in the databases up to now. 
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Introduction 
The larvae of most simuliid species are part of the typi- 
cal suspension feeding benthic ommunity of running 
waters. After fixing their abdominal hooks to substrates 
in the current, they orient heir bodies in a head-down- 
stream position. This position allows larval head fans to 
open against the current, thus enabling them to intercept 
suspended material. A presupposition for this typical 
simuliid filter-feeding position is a strong attachment of 
the larvae to the substrate, since the current may exert 
high hydrodynamic drag on the body, and cause the lar- 
vae to drift off. The adhesive contact to the substrate is
mediated by a silky secretion which is produced by 
large, polygonal cells forming the epithelium of a labial 
gland. It is spread irectly on the substrate surface and 
formed to what is called a ,,silk pad" or an ,,adhesive 
pad". The abdominal hooks are imbedded in this secre- 
tion immediately, thus fixing the larvae to the surface. 
Not only filter-feeding position, but also any locomotive 
activities of the larvae rely on contact of the abdominal 
hooks to the secretion as well as the adhesion of the se- 
cretion to the substrate surface. Any time larvae move to 
another place on the substrate the application of a new 
silk pad is needed (BARR 1982; EYMANN & FRIEND 1988; 
KIEL et al. 1989; REIDELBACH & KIEL 1990). Additional- 
ly, even the cocoon, which fixes blackfly pupae to the 
surface, as well as the silken lifelines, which are to be 
seen if larvae are adrift, are formed from this secretion. 
The labial gland is comprised of two long and capa- 
cious tubes, which lie below and in part lateraly to the 
intestine (Fig. 1). They extend from the head to the sev- 
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enth abdominal segment where they double back to the 
middle of the abdomen, with a thin filament forming the 
end of each tube. At the base of the head the tubes fuse to 
a simple silk duct opening in a silk chamber between the 
labial and hypopharyngeal lobe at the tip of the head (for 
summarizing description see: CROSSLY 1990). 
Few facts are known about he (bio-) chemical or me- 
chanical properties of the blackflies ecretion. MACGRE- 
GOR & MAC~ZIE (1967) published histochemical studies 
on Simulium intermedium ROUBAUD, syn. Simulium ni- 
tidifrons (EDWARDS), which showed that the major com- 
ponent of larval simuliid secretion consists of proteins. 
Synthesised in association with ribosomes they are to be 
seen as characteristic secretion granules inside and out- 
side the cell membrane. Additionally, PROPEL & RO~IM 
(1994) noted that histochemical staining methods 
showed mucopolysaccharids to be present in larval se- 
cretions. Investigating the amino acid composition of 
proteins produced by larvae of SimuI ium vittatum 
ZETTERSTEDT, BARR (1982) found 16 amino acids. They 
were present in more or less constant proportions in im- 
mature larvae, but amounts changed in larvae ready for 
pupation. He suggested that this change in amino acid 
composition during larval development might charac- 
terise a difference in protein composition of the cocoon 
silk. As of this writing, the only electrophoretic study, 
which has included an analysis of larval secretion was 
carried out by POEnLI•G (1976). He focussed on water 
soluble proteins in adult salivary glands, but also anal- 
ysed water soluble proteins of mature larval secretions. 
As water soluble proteins should have little adhesive 
strength in an aquatic environment, i  has to be assumed 
that they will be less important in larval attachment to
the substrate surfaces. 
This study begins by characterising the protein com- 
position of fresh labial gland secretion of SimuIium or- 
nature (complex) M~I6EN with the aid of SDS-PAGE, 
amino acid analysis, and protein sequencing. Labial 
glands of different developmental stages were analysed 
and larval secretions were compared with young and old 
intestine malpighian tubules 
labial gland 
Fig. 1. Schematic drawing of main internal organs of a larval black- 
fly (drawing only shows left tube of labial gland). 
pupal cocoons. As adhesive durability and resistance to 
the mechanical stress differs between larval and pupal 
secretions, we assumed that silk composition and struc- 
ture will change with development. 
Material and Methods 
Sampling procedures 
Larvae and pupae of S. ornatum (complex) MEIGEN were 
sampled with floating vegetation i the Hellbach stream 
(Hamburg area, Northern Germany) in April 1994, 
February to April 1995 and April to July 1996. They 
were then transported tothe laboratory on wet blotting 
paper, which covered the bottom of coolers. In the labo- 
ratory, the larvae were put into jars filled with stream 
water. The water was constantly aerated and kept at 
12 (+1) °C by placing them in cool-storage rooms. By 
stirring the water with 2,5-3 cm magnetic stirring bars, 
the constant current velocity was achieved. Larvae were 
kept under these conditions for not more than two days 
until gland dissection. Species determination followed 
the criteria established by JENSEN (1984). Though it has 
been known for years that the Hellbach stream contains 
a big S. ornatum population with single or no representa- 
tives of other species among them, we reared parts of the 
young larvae from each sample to pupae for species de- 
termination. 
Dissection of glands and pre-analytic treatments 
Living individuals removed from the jars separately. 
They were grabbed at the head capsule with a pair of 
tweezers and put into petri-dishes. The cuticle was 
pierced carefully just behind the head capsule at the base 
of the body cuticle. Holding them at the head capsule 
and the abdominal hook circlet, the larvae were carefully 
pulled apart at both ends. This causes the pierced cuticle 
to rip and disconnects he head capsule and the gut from 
the rest of the body. By further pulling atboth ends, the 
glands (which were still connected with the head) could 
be completely removed from the body. They were cut 
with a scalpel in order to disconnect the glandular tubes 
from the head. The cut end of the gland was kept closed 
by the pinch of the tweezers. The gland was frozen in 
liquid nitrogen immediately afterwards, This immediate 
freezing seems to offer the only opportunity for fast and 
careful handling, of the fresh, sticky material. In order to 
freeze the glands they were transferred to a 1.5 ml tube 
which was placed in a cooler filled with liquid nitrogen. 
Depending on gland size, 5-10 specimen were put to- 
gether for one sample. Frozen samples were stored at 
-24 °C until SDS-PAGE-procedures. 
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In order to record possible changes of protein compo- 
sition during larval development, larvae chosen for dis- 
secting were differentiated into age-groups according to 
morphological characters (LO: larvae without pupal gill 
buds = second to third/fourth instar; LW: larvae with 
white gill buds -- fourth to young seventh instar; L7-o: 
larvae with dark gill buds -- old seventh instar; P = 
pupae). The glands of egg larvae could not be removed 
without damage and thus not analysed. 
Treatments of cocoon secretion previous 
to SDS-PAGE 
In order to analyse pupal cocoons of S. ornatum with 
SDS-PAGE, mature larvae (L7-o) were sampled and 
treated in the same way as described above for larval 
holding and rearing. Pupation success was controlled 
every 12 hours for 10 days. Pupae less than one or more 
than four days old were removed from the rearing jars. 
They were pinched with tweezers and put into petri- 
dishes. The pupae were removed and the cocoons were 
placed in 10 ml-tubes filled with destilled water for a 5 
rain. ultrasonic leaning in order to remove adhering 
material. Afterwards the cocoons were washed again 
twice, frozen at -80 °C and stored at -24 °C. 
LO LW L7-o P 
Fig. 2. SDS-PAGE of different larval age groups of S. omatum (com- 
plex). (Larval age-groups: LO = larvae without pupal gill buds/second 
to third/fourth instar; LW = larvae with white gill buds/fourth to 
young seventh instar; L7-o = larvae with dark gill buds/old seventh 
instar; P = pupae). 
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SDS-PAGE and N-terminal sequencing 
Glands and pupal cocoons isolated from different larval 
stages were dissolved in a hot SDS-buffer (1% SDS in 
10 mM Tris/HC1 pH 7.5) and incubated for at least 
60 min. at 60 °C. Following this incubation, the material 
was centrifuged (20,000 g, 30 min.), the resulting super- 
natant removed, mixed with SDS-electrophoresis load- 
ing buffer containing DTT (0.2 M Tris/HC1 pH 8.8, 
7.5% glycerol, 0.01% bromphenol blue, 10 mM DTT), 
and incubated at 60 °C for an additional 30 rain. Sam- 
ples were placed on a 10% polyacrylamide g l (stacking 
gel: 4% acrylamide, 0.375 M Tris/HC1 pH 8.8, 0.1% 
SDS; separation gel: 10% acrylamide, 0.375 M 
Tris/HC1, 0.1% SDS) in 1X electrophoresis running 
buffer (Tris/glycine pH 8.6, 0.025 M Tris base, 0.192 M 
glycine, 0.01% SDS ) for one hour at 60 W. After com- 
pletion of the electrophoresis, the gels were fixed and 
stained with Coomassie Blue orsilver using convention- 
al methods. Preparative lectrophoresis was performed 
with the PrepCell apparatus (BioRad). About 50-100 mg 
of protein was subjected to preparative electrophoresis 
using a 10% SDS-PAGE gel (formulation see above). 
Fractions were eluted with a 1X electrophoresis buffer 
and collected continuously. Subsequently they were 
analysed with conventional, analytical SDS-PAGE gels. 
Those fractions that contained exclusively either of the 
two predominant protein fractions (analysed with silver 
staining), were chosen for further experiments. Prior to 
N-terminal sequencing, the corresponding fractions 
were dialysed against phosphate buffer. Pure protein 
P 
L7-o I 
LW 
LO 
4 2 
200 80 60 50 40 30 20 10 kDa 
Fig. 3. Relative amounts of proteins in 5. ornatum. Comparison of 
different larval age groups. (Larval age groups: LO = larvae without 
pupal gill buds/second to third/fourth instar; LW = larvae with white 
gill buds/fourth to young seventh instar; L7-o = larvae with dark gill 
buds/old seventh instar; P = pupae). Numbers mark main proteina- 
ceous compounds which are referred to in Table 1. 
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fractions were pooled and used for further analysis. Prior 
to N-terminal sequencing, the proteins were dialysed 
against phosphate buffer. N-terminal sequencing was 
performed on an Applied Biosystems (ABI). Protein se- 
quencer (Model 494) were equipped with an ABI micro- 
gradient system 140C and an ABI programmable ab- 
sorbance detector. All reagents used were of protein se- 
quencer grade. 
Results and Discussion 
SDS-PAGE results for S. o rnatum are presented in 
Fig. 2. It is evident that simuliid gland secretions consist 
of a variety of proteins with high to low molecular 
weights. Three of these proteins represent the major 
amount of the secretion (Table l). They form broad 
bands at about 70, 40 and 20 kDa (Fig. 2, Fig. 3). 
Comparing different larval age groups, it was evident, 
that in S. o rnatum few differences in protein spectrum 
appear during larval development (Fig. 2). However, 
their relative amounts of proteins changed (Fig. 3, 
Table 1). The secretion of young larvae (LO, LW) was 
dominated by proteins of more or less the same molecu- 
lar weight as the secretions of larvae which were ready 
to pupate (L7-o). Even cocoon secretions (P) predomi- 
nantly consists of proteins with about 70, 40 and 20 kDa, 
but the relative amount of the dominant proteins in- 
Table 1, Changes in the relative amounts of main proteins ~ with lar- 
val development (larval age-groups: LO = larvae without pupal gill 
buds/second to third/fourth instar; LW = larvae with white gill 
buds/fourth to young seventh instar; L7-o = larvae with dark gill 
buds/old seventh instar; P = pupae). 
Proteins ~ 1 2 3 4 5 6 
[KDa] 23 42 47 68 110 > 200 
instars 
LO 3.3 17.3 9 19,4 1.5 2.9 
LW 8.6 17.8 5.8 27.7 0.8 4.3 
LA 9.6 21.8 2.8 36.1 1.1 4,5 
P 8,1 22.7 0 27.7 6.1 0 
~)According to numbers given in Fig. 2. 
Table :2. Results of N-terminal sequencing of 42 KDa- and 68kDa- 
proteins of labial gland secretion of S. ornatum. 
kDa Sequences 
42 N H2-VaI-Pro-Arg-Tyr-Tyr-Asp-Asp-Gly-Phe-Ile-Val - 
68 N HSys-Cys-Val-VaI-Ale-Pro-Lys-Lys-Tyr-Gly-Lys-Gly-Lys- 
Gly-Asu-Asu-Val-VaI-Gly-Gly-Tyr-Tyr-Tyr 
creased uring larval development and reached the high- 
est level in pupal cocoons. On the other hand several 
smaller protein bands diminished or even disappeared in 
the last larval age group (L7-o) or at least in pupal (P) 
cocoon secretion (Fig. 3). Only two of these subdomi- 
nant proteins eem to increase during larval develop- 
ment. They are localized at 110 and at about 23 Kda and 
form the broadest bands in cocoon secretions. 
To test if these proteins are also constituents of the 
pupal cocoon, we analysed the cocoon sercretion of S. or- 
natum. The appearance and chemical character of pupal 
cocoons differed with time after silk secretion. While 
fresh cocoons (< 24h) are of light appearance and easily 
soluble in SDS, older cocoons (> 4 days) are much darker 
and are almost insoluble, even if treated with hot SDS. 
Regarding the main components, cocoons younger 
than 24 hours showed almost he identical protein com- 
ponents as the secretions of the seventh larval instar (L7- 
o). Therefore, we could be sure that these proteins are 
main components of the mature pupal cocoon and of the 
silk pad as well. The only noteworthy difference is a 
much stronger appearance of a 110 kDa protein (Fig. 3, 
Table 1) and various low abundance proteins which 
were present in the seventh instar secretion but vanished 
afterwards, thus indicating that they are not components 
of the pupal cocoon secretion. In addition, we should 
mention that these two major proteinaceous components 
could not be stained by silver staining methods (which 
should be most sensitive to proteinaceous compounds), 
while other components showed normal staining results. 
This points to some unusual features of the major com- 
ponents of the labial gland secretion. 
Older cocoons (> 4 days) were different. Even pro- 
longed incubation in hot SDS (for several hours) could 
liberate only sparse amounts of proteins from these se- 
cretions. The liberated proteins are identical with the 
two main components of the proteinaceous secretion of 
older larvae. 
To obtain information about he molecular nature of 
the major components probably responsible for the ad- 
hesive feature of the silk pad and pupal cocoon, we per- 
formed a preparative electrophoresis of the seventh in- 
star larval secretion. We could isolate all major protein 
components ofthe larval secretion to the point of homo- 
geneity. As only the two major components of42 and 68 
kDa respectively were found in both the silk pads and 
pupal cocoon, we focussed on them. N-terminal se- 
quencing of these two proteins revealed the sequence 
shown in Table 2. 
As of this writing, database searching revealed no ob- 
vious homologies to protein sequences registered in the 
data bases. 
Differences in larval silk pad and pupal cocoon se- 
cretion were already reported in an unpublished study 
of BARR (1982), who carried out amino acid analysis for 
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S. vittatum (ZETTERSTEDT). He also assumed that 
changes in protein composition might imply differences 
in silk properties. BARR (1982) mentioned that differ- 
ences in proteins might be necessary to resist hydrody- 
namic stress which acts differently on larval silk pads 
than on pupal cocoons. Concerning our results for co- 
coon secretion, it has to be mentioned, that they are only 
valid for pupal cocoons, which were less than one day 
old. However, since the older cocoon secretions were 
not soluble by SDS-PAGE, we assume some type of 
hardening which changes the structure. For simuliidae it 
is still unknown how adhesion and hardening of their 
secretion is achieved. However, in being insoluble in 
SDS, simuliid cocoon secretion resemble adhesives 
used by other animals. For example, RZEPECKI et al. 
(1991) reported on SDS-insoluble proteins in the adhe- 
sive secretions (byssus) of several mussels. Further 
studies, comparing several mussel species, revealed 
lysin, glycine, serine, threonine and L-3,4-dihydrox- 
iphenylalanin (DOPA) always to be the prominent 
amino acids in their adhesive discs (RzEPECKI et al. 
1992). These amino acids, especially L-DOPA, are 
thought o account for hardening of the material, as oxi- 
dation to DOPA-quinones might possibly cause 
crosslinking with lysine (PETER 1989 a, b), serine or 
threonine (RzEPECKI & WAITE 1995). In several aquatic 
animals DOPA is found frequently and in comparatively 
high amounts (RZEPECKI et al. 1991; WAITE 1992), par- 
ticularly where shelter (egg shells, cocoons) or adhesion 
(byssus) is to be achieved. On the other hand, DOPA 
seems to be absent from several secretions which are 
known to be very durable but are produced by non- 
aquatic organisms, e.g. silk (JENsEN & MORSE 1988), or 
silk webs of spiders. As DOPA is also able to compete 
with and drive off water molecules, it is thought o be 
important in aquatic environments for spreading the ad- 
hesive on the substrate surfaces and achieving its strong 
adhesion. Further studies will have to show whether 
DOPA is also present in simuliid secretion. 
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